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ABSTRACT ’

of hydrocarbons, which forms a large group of chemicais that have
to various forms of life. The advent of nanotechnology in conjunction
-scale products with more efficient reactivity and larger
cilitating the degradation of petroleum products. This
gistic effect of Alcaligenes faecalis ADY25 and
f crude oil. The iron oxide nanoparticle was
f A faecalis ADY25 was collected from

caused @ major concern
al cells produced nano

with microbi
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iron oxide nanoparticle on biodegradation o
thesized using corn silk extract, Pure isolate o 25 w
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INTRODUCTION

yetroteum s Nanotechnology Is an emer

b
crude of allso“t(sf:i:o:g. \lvhlch forms a produce nano-scale produc tEing fielq to
composed o ;Yl micals that have caused efficlent reactivity and lar With Nore
largc.grroggnt;e:[:l‘m h‘unmns due to their than its bulk phase, g-(;;::;'fafe dreg
iril(‘;:-‘;pread distribution  into the attributes of nanoparticles offer Im"nlquo
enviranment causing harmful effects to potential for thelr application o clmen;q
various forms of life |1]. The presence of hydrocarbons, pesticides ang tan y
pclrolcum and its derlvadves in the contaminated sites. The yse ormlElaI. !
environment impair the ecosystem and nanoparticles in the physical ang X3 hese i
human as well through the transfer of methods of synthesizing irgpn emicy! |
toxic  ovganic materials  including nanoparticles such as sol-gel, anog; 0xide i
polycyclic aromatic hydrocarbons (PAHs) hydrothermal and microwave aza”“n, s
into the food chain [2]. Presence of process, have shortcomings such ssiste :
polycyclic aromatic hydrocarbuns (PAlS) synthesis  procedure,  high aes long
in the envi;onl;wnlthha;s hraised great requirement and production of ngg [
concern to the heaith of humans since unreactive materials. Al
most of them are recalcitrant in nature. available commercial redix%inrgzsgte:tfs the .
Petroleum and its derivatives being an expensive and toxic [8, 9, 10). o
important energy resources used by R
industries and in our daily life, at the same Microbial bioromediation simply involves

the use of microorganisms such
bacteria, fungi and algae in the
remediation of pollutants from the
environment. Among the aforementioned

microorganisms, bacteria have long been
considered as one of the predominant '

hydrocarbons degrading agents found in
the environment, which are free living and
ubiquitous [6, 11]. Bioremediation has

been drawing an increasing attention due
to its economical, eco-friendly and self
propelling attributes as compared to the

time, become a major pollutant of the
environment [3). Because of its
complicated nature, petroleum  can

produce multiple types of toxic effects; it
can causc acuto lothal toxicity, suh-lethal

chronic toxicity, or both depending on the
dosage, and metabolism of the organism,
Many petroleum components have the
ability to bioaccumulate  within
susceptible aquatic organisms and can be
transferred to other food chain levels by

trophic transfer (4,5} . conventional physico-chemical methods
As such, the importance of cleaning a of remediation of contaminated sites [6]:
contaminated petroleum environment has e isticoess’ Bt biggemediatos
led to the development of technlgues echnologies applied to by drocarbon:
involving physical and chemical methods polluted environments highly depends o9
such as volatilization, photooxidation, he biodegrading capabilites of native |
chemical oxidation, and bioaccumulation microbial _populations OF exogen®® |
that are rarely successful in rapid removal microorganisms ssed as inoculants m:;
and clean-up of PAHs. Howevel, physical The presence of mif croorga"isﬁé 1.:1%5 A
' g : pilitie

i?ed cheg:;al methods torl r:ir:ovi;;g appropriate metabo{:;:r:;l:;t for ol 2!

an s are expensive, ost important requiref iss
successful, and produce toxic by-products bioremediation. Unlike higher or
(6, 7]. ‘
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microorganlsms possess  the
w;olic capacity to use hydrocarbons as
caﬁ:oﬂ and energy source. Bioremediation
a heon identifiedasa potential emerging
h:dmoloﬂ’ for removing different spills,
L e physical washing and collection
:guld not help. Highly hazardous oily
qpaterials b be mineralized to harmiess
roducts using suitable microorganisms
12} Tire communities that were exposed
%0 nydrocarbons  become adapted,
ibiting selective enrichment and
enetic changes. The adapted microbial
communities can respond to the presence
of hydrocarbon pollutants within hours
and exhibit higher biodegradation rates
than communities with no history of
hydrocarbon contamination [13], Crude
oil biocdegradation involves a mixture of
various bacterial groups or consortia to
degrade a wider range of hydrocarbons.
The ability to [solate high numbers of
certain  oil-degrading microorganisms
from an area is generally taken as evidence
that these microorganisms are the most
active oil degraders in such environment
and can be used in the bioremediation of

contaminated sites [14].

Nanoparticles (NPs), which is gradually
gaining wide prominence in
bioremediation can be applied directly for
removal of organic contaminants throu

adsorption or chemical modification [9]. It
cn also serve as a facilitator in microbial
remediation of contaminants either by
enhancing the microbial growth or by
immobilizing the remediating agents o7
through induced production of
remediating microbfal enzymes. Besides,
nanoparticles induced enhanced
production of  biosurfactants in
microorganisms, also contribute 1o
improved solubility of hydrophobic
hydrocarbons and thereby, create 2
conducive environment for micr oblal

st
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dogradation  of o 4o .
environment [9). ok

Bacterla used in bedryrad,: o, 5

L

ubiquitous and readily ava, ab'e ¢1z- o+ «
to commercial reducing ager«: 1, +,.
degrade crude oll cumpare v, *re -5 1
physical and chemical et .
degradation, and the gm<res
synthesizing iron oxide nanspar - ¢ :_
simple, cheap and eco-frienc;, 2°<
requires short reaction time ccerpace *.
physical and chemical methods. '~
addition, Plant materials .ied s
reduction, capping and stabl.zat..o= ~¢
nanoparticles are In abundarte T-:
technique provides a great advantage over
chemical and physical methods since .2 '3
cost-effective, relatively reprodudk.¢ a=2

often result in more stable materias '15..

Tlie aim of this study was to determ.ne the

synergistic effect of Alcaligenes faeca’s

ADY25 and iron oxide nanopartic’e oa

biodegradation of crude oil.

MATERIALS AND METHODS

Sample Collection and
Corn silk was randomly collected from

different- locations within Bosso, M‘u!na.
Nigeria. This was followed by remova. &_:f
sands from the comn silk, and other debfxs
after which the corn silks were air dried

for three days at 28°C+2.

Collection of Bacterial Isolate
A fecalis ADY25 was

collgcted from Microbiology Jaboratory-

Federal University of Technologytezl:f::;
Nigeria. The bacterium was isola Aphe
soi} and was reporte ha;emdmion
POtent!;!ll fm.urity ¢ the isolate was

s B ar
t[:]c;ft]ﬁnned by streaking o:lc?::rzi:ﬁ ag
plate and incubation at 37
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Oyewouz ;xtracﬁon of Corn Stk Blﬁ@:gzzs and  Iron Oxide
inue:queous extract of corn silk was ﬁanop ] d
prepared by weighing 30 g of the corn silk 4 was prep?re and
intoa 1000 mibeaker followed by addition Nutr e 21°C for 15 s, the
of 500 ml of distilled water. The mixture autoc ed o cooland 1 1 viitkiice

was heated at 80°C for 30 min and a dark
brown coloration of the aqueous solution
was obtained. The extract was then
allowed to cool to room temperature
(28°C+2) and filtered using Whatman Nol
filter paper and the quantity produced was
measured using a measuring cylinder [16}.

Synthesis of Iron Oxide Nanoparticle
The aqueous extract from a corn silk was
added to 0.1 M of iron sulphate solution at
the volume ratio of 2:1 in a sterile conical
flask with constant stirring at room
temperature (28°C+2) {17). Then1.0M of
NaOH solution was added to the above
mixture to raise the pH (HANNA
instrument) to 9 and the solution was
heated at 60-65°C for 4 h and cooled. The
resulting solution was centrifuged at 4000
rpm for 5 min and the dark greenish
sediment was dried at 50°Cusinga hot air
oven for 24 hand abrownish black residue
of iron oxide was collected and keptin a
universal bottle. The uv
spectrophotometry of the synthesized iron
oxide nanoparticles was carried out using
UV-1800 series spectrophotometer at 200
to 800 nm

-t

Preparation of Mineral Salt Medium
Mineral salt medium (MSM) was prepared

using the following composition: KzHPOs -

1.8g, KHzPOs - 1.28, NHsCL - 4.0g, NaClz-
0.1 FeS0s.7H20- 0.01g. This was
dissolved in 1000 mL distilled water in a
conical flask [6].
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broth was a_l ;DY & was inocu]atEd inside

edium and incubated at 37°C
he incubator. Different
100, 150, 200 mg) of iren
: oparticles were dissolved in four
Sl}i(flfii::tnco%ical flasks conta‘ln‘ir}g 50 ml of
mineral salt medium. One milliliter (l‘ml)
of crude oil was introduced using a syringe
bes containing 9 mL of minimal
i ith the different amounts of

iron oxide nanoparticles after which it was
autoclaved at 121°C for 15 minutes. The
composition was allowed to cool and 0.1
mL of 24 h old broth culture of the
organism was introduced in the test tubes,
a control was set up without the organism
and the absorbance was taken using a
spectrophotometer (Model 752, China),
every 3 days for 21 days.

The Count of A faecalis ADY25 during
Biodegradation

One milliliter of the 24 h old MSM broth
culture of A. faecalis ADY25 was serially
diluted tenfold, using a sterile distilled
water. The 0.1 mL of 104 dilution factor
was placed on a sterile Petri dishand 15ml
of sterile Nutrient agar medium Was
poured on it. It was gently swirled and
allowed to gel after which it was incubated
at 37°C for 24 h and the count was taken
and expressed as cfu/mL of the sample-

This procedure continues every 3 days for
21 days.

RESULTS

The wet iron oxide nanoparticle and oven
dried iron oxide nanoparticles is show? of
Plates 1 and 2 while the UV spectrt

B s, 0y
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cod articles
Plate 1. Wet iron oxide nanoparticle, Plate 2: Oven dried iron oxide nanop
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Figure 3: The effects of varying amount of iron-oxide nanoparticle on the count of A. faecalis

ADY?25 during crude oil degradation

DISCUSSION
Alcaligenes faecalis ADY25 used in this
study is a Gram-negative rod previously
identified as crude oil degrading
bacterium with potential to degrade
petrochemical products [18]. The isolate
was able to degrade crude ofl utilizingitas
carbon source. The reason for this may be
that the organism has enzyme system to
degrade and utilize hydrocarbons and It is
also capable of attaching to the substrate
and produce biosurfactants, which help to
break the oil into tiny micelle [15]. When

the medium was supplemented with
different amounts of iron oxide

nanoparticles, an increase in the rate of
degradation was observed. This indicates
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the ability of the iron oxide nanoparticles
to enhance the biodegradable ability of the
isolate. Report from [19] indicates that
nanoparticles are a supportive nutritional
component, which influences lag phase
and stationary phase and acts by reducing
the duration of lag phase and Increasing
the duration of exponential and stationary
phase. From the result, it was observed
that the highest absorbance observed
when 200 mg of iron oxide nanoparticles
was used. This suggests that increase in
amounts of iron oxide nanoparticles may
increase the rate of biodegradation. This
work is similar to that of [20] who
obtained the best degradation usi®é 2
microcosm containing 0.2 g of iron OXl
nanoparticles and biosurfactant
degrade paraffins.




The organism was able 1 Al

termgy,,
AL oy,
sl Al v nal of Appiliog B10lesgage
i the presence o erude ol iy

bpl
col densities, however bacy, blving

vlal py

Jasbest supported by 109 mg angd [:;.‘(;E]V:I‘\h'
o iron oxide nanoparticie, The hlgho:;
count (3.4%x108 cfu/mL) wag observed t;n
the 180 day by cultures supplementeq
with 200 mg of iron oxide nanoparticl
mis  was  followed by 100 mg
90x10%cfu/mL)  after 1y days'
. incubation period. The test organism
| wtilized crude oil as carbon and eper

. gY
source and as the quantity of the crude oil
decreases, microbial cell generation
increases.  This suggest that the test
organisms utilize the crude oil for their

wth and metabolism thereby removing
the crude oil from the environment [21].
The observed growth and degradation
potential of the isolate on the
concentration of crude oil may be as a
result of its previous exposure to
pollutant. Furthermore, the growth of A
faecalis ADY25 in crude oil induced the
secretion of extracellular protein and
carbohydrate [22). Previous studies have
also shown hydrocarbon degrading
bacteria to  produce  extracellular
emulsifying agents generally consisting
polysaccharide associated with protein.
Some examples include alasan and
emulsan, derived from Acinetobacter.

CONCLUSION

This study showed the potential of A.
faecalis ADY25 and iron oxide
nanoparticles to degrade crude oil
Different amount of iron oxide
nanoparticles (50, 100, 150 and 200 mg)
enhance the process of degradation by the
Isolate. The use of the isolate and 200 mg
of iron oxide nanoparticle to clean up

Crude oil contaminated environments is
Encouraged,

¢,

Scanned by CamScanner

70

wh e g LTS TR

REFERENCES
1. Al lawanh, A, B.14,8.,2

X, & My, ¥, (2018), pr
Linolele gl by ole

Cunninghamella o

hang, X., Lhang,
aductivity of e
aginous fungus,

chinulata using 5
pulsed high magnetic  field, ffsnud
Bloscience, 21(5): 1-7.

Sel, A, & Fathepure, B, 7. (2009).
Blodegradation of BTEX at high salinity
by an enrichment culture from
hypersaline sediments of Rozel Point

at Great Salt Lake, Journal of Applied
Microbiology, 107(6): 2001-2008.

Al-Wasify, R. S. & Hamed, S. R. (2016).
Bacterial Biodegradation of Crude 0il
Using Local Isolates. /[nternational
Journal of Bacteriology, 2016, Article

ID 6013871.

Donhttp://dx.doi.org/10.1155/2016/
6013871,

4. Aboelwafa, AM. & Alwasify, RS.
(2009). Biodegradation of crude oil
using local isolates. Australian Journal

of Basic and Applied Sciences, 3(4):
4742-4751.

Almeda, R, Wambaugh, Z., Chai, C,

Wang, Z,, Liu, Z., & Buskey, E. }. (2013).
Effects of crude oil exposure on
bioaccumulation of

polycyclic
aromatic hydrocarbons and survival of

adult and larval stages of gelatinous
zooplankton. PloS one, 8(10): e74476.
doi:10.1371/journal.pone.0074476.

6. Abioye, 0. P, Agamuthy, P. &
Abdulaziz, A. R. (2012).

Biodegradation of Used Motor Oil in
Soll

Using Organic Waste
Amendments. Biotechnology Research
International.

Dol:10.1155/2012/587041.

-



Ghosal, D Ghosh, S., Dutta, T. K. & Ahn,
" y. (2016). Current State of Knowledge
in Microbial Degradation of Polycyclic
Aromatic Hydrocarbons (PAHs): A
Review. Frontier in Microbiology, 7,
1369. Doi:10.3389/fmicb.2016.01369.

8. Machado, S, Pacheco, ]. G, Nouws, H. P.
A, Albergaria, . T, & Delerue-Matos, C.
(2015). Characterization of green
zero-valent iron nahoparticles
produced with tree leaf extracts.
Science of the Total Environment, 533,

76-81.

9. Kumari, K, & Singh, A. (2016).
Genetically modified Cotton species
detection by LISS-liI satellite data.
Nature Precedings, 34(4): 13-15.

10. Cecchin, 1, Reddy, K. R, Thome, A,
Tessaro, E. F., & Schnaid, F. (2017).
Nanobioremeidation: integration of
nanoparticles, and bioremediation for
the sustainable remediation of
chlorinated organic contaminants in
soils. /nternational Biodeterioration &
Biodegradation, 119, 419-428.

11. Dasgupta, D,, Ghosh, R, & Sengupta, T.
K. (2014). Biofilm-Mediated Enhanced
Crude Oil Degradation by Newly
Isolated Pseudomonas Species. [SRNV
Biotechnology, 6(5): 1-13.

12.1smail, S, & Dadrasnia, A. (2015).
Biotechnological Potential of Bacillus
salmalaya 139SI: A Novel Strain for
Remediating Water Polluted with

g;ude Oil Waste, PLoS ONE, 10(4): 34~

13. Sh:‘:lh, M. Fawcett, D, Sharma, §
Tripathy, K. S. & Poinern, G. E. J. (20,15)"
Green  Synthesis  of Metallic;

Scanned by CamScanner

71

oyes vole et al. International Journal of Apphied Biolg
Bical

Nanoparticles viz gi it

: iol &
Materials (Basel), 8(1 1)0: g.};"}}gﬁ;mt,,., ':
~7304

14. Al-Saleh, M. A., Ndi
' o P )& A
A. E. (2015). Impact gfkinl"gurﬂa

production on the petrcmde o

industry in Ochem,
Arabia. Biotechnology Saug;
Biotechnalogical Equipment, yc;e’
50-55. it

15.Raji, RO. & Oyewole, 0.A. (201q
Isolation of Bacteria from Sy r)
Produce Biosurfactant. Book 0‘;
Abstract of 40th Annual Natjopy
Conference of the 42" Annual Nigeria,,
Society for Microbiology (NSM)
Conference, 3r¢ ~ 6" September, 2019,
Crawford University, Igbesa, Qpup
State.

16.Hajinasiri, R., Norozi, B, &
Ebrahimzadeh, H. (2016). Biosynthsis
of ZnO Nanoparticles using corn silk of
Zea mays L. Extract. Chemistry Letters,
45(11): 1238-1240.

17. Ali, A, Zafar, H., Zia, M., Haq, [,, Phull, A.
R, Ali, J. S. & Hussain, A. H. (2016).
Synthesis, characterization,
applications, and challenges of iron
oxide nanoparticles. Nanotechnology
Science and Application, 9, 49-67.

18. Asadpour, R., Sapari, N. B,, Isa, M. H.,
Kakooei, S. (2019). Further Study of
Adsorption of Crude Oils onto
Acetylated Corn Silk and its Kinetics
and Equilibrium Isotherm,
International Journal of Engineering
32(2): 229-235.

19. Bhatia, M., Girdhar, A, Chandrakar, B.
& Tiwari, A. (2013). Implicating
nanoparticles as potential
biodegradation enhancers: a review.




Oyewole etal

Internatigna
ournal  0f  Nanomedicqne lournal of Appiied Biolo

and Bical Research 2019
Nanotechﬂafoﬁﬁ 4(175): 2, 3, 159.169, DO
10.3923/1jet.2009.159.149. '
H' S'l and Ah
_EI.SheshtfiWYa P med, W, 22. s
¥ (2017).Bloremed1anon of crude oil by ﬁnzmm' M., Hamlshchka;,
Bacilllus licheniformis in the presence M. Khezerloy, A-‘} Azizi-Lalabadi,
of different  concentration of mﬁm&mm‘ MAEE.!
panoparticles  and  produced nehchi, A & Ehsani A. (2018)
piosurfactant. Inter natu:ma] Journal of Bioemulsifiers derived from
Enw‘mnmenta! Science and microorganisms: Applications in the
Technology, 14(8): 1603-1614. drug and food industry. Adv Pharm
Bull, 8(2): 191-199.
vo-Ezikpe, M.N., Gbenle, 0.G., llori, DOI: 10,15171/aph.2018.023
?'UEO Okpuzor | & Osuntoki, A.A.
2.059) Evaluation of Alcaligenes 23.Ron  E, Rosenberg E. (2010)
(r'aeca!i;[)egradation of Chrysene and Acinetobacter and Alkanindiges. In.
Diesel  Oil with  Concomitant Timmis K.N. (eds'). Handbopk of
pl-uduction of Biosurfactant, Research Hydrocarbon gnd Llpld Microbiology.
]:)urnal of Environmeantal Toxicology, Springer, Berlin, Heidelberg
n
¥ ! -
s f .
|

12
Scanned by CamScanner



